Recent theoretical work has suggested that the quasilinear description of the weak-warmbeam-plasma instability is incomplete. It has been argued that beam-mediated mode-coupling eAects neglected in standard quasilinear theory play an important role, and that their average efI'ect is a zeroth-order increase in the growth rate. We have experimentally observed strong mode-coupling eA'ects when a weak warm beam interacts with waves on a slow-wave structure. However, when we average the eA'ects of the mode coupling we do not observe the predicted zeroth-order increase in the growth rate. 
and directed along the axis of a helical slow-wave structure. The electron beam, which is pulsed at a 60-Hz repetition rate with a typical pulse width of 400 @sec, enters the slow-wave structure with controllable axial-velocity spread. The spread is produced ' by passing a cold beam through three parallel, closedspaced, wire mesh grids biased at potentials 0, V"and 0.
Outside of the glass vacuum tube are axially movable electrostatic probes which are used to transmit and receive radio frequency waves. After passing though the helix, the beam enters a retarding-field analyzer. With this device we have observed the growth and saturation of launched broadband noise. In Fig. 1(a) we show a plot of the logarithm of the total received power as a function of distance, z, down the tube. The wave power is seen to grow exponentially nearly 15 dB and then saturate. In Fig. 1(b) we show the corresponding evolution of the time-averaged parallel-energy distribution function of the beam. As the noise grows and saturates, the beam distribution is seen to evolve into a plateau.
There is an experimental advantage to using a slowwave structure rather than a plasma to support the wave propagation. Unlike a plasma, the helix does not introduce any appreciable noise. In a beam-plasma system low-frequency ion noise causes phase jitter in the unstable spectrum which makes mode-coupling measurements very difficult. By replacing the plasma with a slow wave structure we eliminate these undesirable eAects. In addition, in the beam-slow-wave-structure system the background noise level is so low that it is possible to measure the growth rate of a single wave launched far belo~satu-ration. This single-wave growth rate is very useful, and since it is the only wave in the system, no mode coupling is possible; it is thus an experimental definition of the Landau growth rate.
For the case shown in Fig. 1 has also been seen in computer simulations. ' The nature of this behavior was investigated further by launching a spectrum which was similar to .hat of Fig. 2(a) but with one of the modes in the middle of the spectrum having a level 20 dB below the neighboring modes. This spectrum is shown in Fig. 3(a) . The solid line in Fig.   3 teraction with the beam is negligible. In addition, there are also very weak slow oscillations visible in the plot, especially in the region between 40 and 100 cm. These are due to a beat between the forward wave on the helix and a passive mode on the beam. We regard these small amplitude oscillations as incidental to the main eAect shown in Fig. 3 , namely, that the mode coupling can cause quite dramatic effects on the evolution of the modes.
When we average over these mode-coupling eftects, we do not see the predicted zeroth-order increase in the growth rate. To demonstrate this we first launch a smooth spectrum of modes using the arbitrary waveform generator [similar to the spectrum of Fig. 2(a) l.
The dashed line in Fig. 4 shows the evolution of one of the modes. Strong mode-coupling efI'ects are seen to occur beginning at z =80 cm. Next we replace the wave-form generator with a nonrepetitive noise source. To summarize, we have observed the saturation of the modes and the development of the plateau in the beam distribution function when a weak warm beam interacts with waves on a slow-wave structure. We have observed strong mode-coupling eA'ects which are neglected in standard quasilinear theory. However, when we average over these mode-coupling eN'ects, we do not observe the predicted zeroth-order increase in the growth rate. The observation of strong mode coupling indicates that one cannot a priori neglect mode-coupling terms in the theory. The absence of any zeroth-order change in the growth rate when we average over the mode-coupling efI'ects might be explained by (1) some unknown but crucial difference between temporally and spatially growing systems, (2) some subtle difference between our finiteradius, warm-beam-slow-wave-structure system and the infinite, warm-beam-plasma system, or (3) the incompleteness of the current theoretical ideas; in fact, the experimental results suggest the action of some statistical or dynamical conservation law whose origin has not yet been theoretically identified.
